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SPECIFICATION 
Macrocyclic lactones 

* This invention relates to novel compounds and to their use as pesticides and anthelmintics. The milbe- 
mycins are a group of macrocyclic lactones obtained from the fermentation of microorgar.rsms for exam 
pie as described in US Patent 3.984,564. 

We have now discovered that fermentation of certain organ.sms under specified conditions gives r.se 
to a number of milbemycin species not previously described. 

10 The present invention provides a compound of formula (I) : 
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wherein 

(a) R' is hydroxy. R' is hydrogen or methyl, R' is methyl, and R 4 is 2.4-diniethylpentanoyl or 2,4-dime 
4 0 thylpent-2-anoyl; or 

(b) R' is hydroxy, R' is hydrogen or methyl, R' is methyl, and R 4 is 2-methylbutarioyl; or 
(cl R' Is hydroxy, R' is hydrogen, R> is ethyl, and R 4 is 2.4dimethylpentanoyl; or 

(d) R' and R 4 are both hydrogen, and R' and R' are both methyl. 

Particular compounds according to the invention are those set out in Table 1 below wherein the mean 
4 5 ings of R\ R', R' and R 4 in Formula I are given for each compound. 
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The compound! of formula I art believed to be Isolated as single Isomers having a particular stereo- 
chemistry as represented by formula (IA) : 
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This was determined by analogy with the absolute stereochemistry for known milbemyiins given (or ex- 
ample in J. Antibiotics 33 (10), 1121. However, the invention herein relates to the compounds actually 
obtained by fermenting the microorganism and as defined hereinafter by various physical and chemical 
parameters and is not intended to be limited to the particular stereochemical isomers shown in formula 
(IA). 5 

The compounds of formula (I) are prepared by fermentation techniques. Further according to the pres- 
ent invention thore is provided a process for preparing a compound of formula (I) which process com- 
prises cultivating a strain of Streptomyces and isolating the compound of formula (I) from the 
fermentation mixture. 

A suitable strain of streptomyces is th:. b41-146 strain (fully described in US Patent 3,984.564) of a 10 
Streptomyces species which has been deposited at the Northern Research Laboratory, US Department of 
Agriculture, Peoria, Illinois, USA under deposit nur '-»r NRR" 5739, aod at the National Collectior of In- 
dustrial and Marine Bacteria, 135 Abbey Road, Abeioo^n. Scotland under deposit number : CIB 11876, or 
a mutant thereof. 

The fermentation procedure and isolation techniques are set out belo.-' n E>.ample 1. 
The compounds are useful as pesticides, particularly as insecticides, acaricides and nematicides. and as 
anthelmintics. 

They are suitably administered to the pest or its environment in the form of a composition comprising 
the compound of formula (I) and an appropriate carrier or diluent. Such compositions form a further as- 
pect of the invention. 20 

The compositions are suitably formulated in a conventional manner depending upon the intended u«e. 
Thus for use as insecticides, acaricides or nematocides, they can be applied in any of the forms conveni- 
ently employed in agriculture. Thus in a further aspect, the invention provides an insecticidal composi- 
tion comprising a compound of formula (I) as hereinbefore defined or a salt thereof in combination with 
25 an agriculturally acceptable carrier. 25 
Depending on the intended use. one or more compounds of formula (I) are either dissolved or dis- 
persed in a suitable liquid vehicle or admixed with or adsorbed on a suitable solid vehicle and the r c su' 
ing composition is made available in any of such forms as emulsifiable concentrate, oil, wetter powder, 
dusts, granules, tablets, aerosol mist, ointment, etc. There may also be added to these preparations such 
30 additives as emulsifers, suspending agents, extenders, penetrants, wetting agents, thickners or stabiliz- 30 
ers, as necessary. These preparations can be produced by the known methods. 

The proportion of the compound of formula (I) in such an insecticidel'acaricidal preparation depends 
on the intended use and application. 
For use as an anthelir.'ntic, the compound of formula (I) is suitably combined with a pharmaceutical/ 
35 acceptable carrier. The composition thus formed can be suitable for oral or parenteral administration as j5 
is known in the art. The dosage employed will depend upon the animal being treated and the severity of 
the conditions. 
The following examples illustrate the invention. 



20 



40 Example 1 40 
The organism used was a Streptomyces strain identified as NCIB 11876 which has been deposited with 
the National Collection cf Induttrial and Marine Bacteria, 135 Abbey Road, Aberdeen AB9 BDG, Scotland. 

An innoculum was grown on an Oatmeal Agar slope, streaked 20 days earlier at 28*C. 10 ml of a 
Starter teed medium (Y. Takiguchi at al Journal of Antibiotics, October 1980. pi 120) was used to dis- 

45 lodge spores and mycelium from those slopes and the resulting suspension was pipetted out into 2 fresh 45 
250 ml Erlenmeyer flasks containing 25 ml of starter teed medium. These were incubated on an orbital 
shaker at 200 rpm at 28°C for 2 days before 20 aliquots of 5 ml were used to innoculate 20 250 ml flasks 
each containing 25 ml of seed medium. After 2 days shaking as before, these were used to innoculate a 
14 1 capacity "Microferm" (New Brunswick Scientific (UK) Ltd) fermentation vessel containing 9 1 of fer- 

60 mentation medium (Y. Takiguchi or al Journal of Antibiotics. October 1980. pi 120). Aeration was at 8 1 of 50 
air/minute supplemented by stiiring at 400 rpm at 28"C with polypropylene glycol (25 nl) acti.ig 1 ;n 
inert antifoaming agent. The grow was harvested after 7 days by centrifugatior at 3000 rpm for " rrin- 
utet (Damon/IEC PR-6000) to separate the plentiful actinomycete pellets. At harvest, the who.e tv".: -. -is 
a deep yellow colour. 

55 The centrifuged mycelium wis taken and allowed to stand overnight at room temperature with .' 1 of 5! 
methanol. After filtration, the solid rasidue was re-extracted twice with methanol (1 litre) and all the 
aqueous methanol extracts were combined The resulting solution (approx 6 1) was concentrated in 
vacuo to approximately 1.6 1 before partitioning with hexane (2 portions of 1.5 1). The hexane phases 
were concentrated to dryness and redissolved in methanol (400 ml) which was stored overnight at 

60 - 20°C. The resulting precipitate was removed by filtration, the filtrate w:s concentrated to yield a brown 60 
oil (12.22Q). 

The brown oil (lOg) was applied to a column of Kieselgel 60 (E. Merck, Darmstadt) (25 cm by 3 cm) 
which was successively oluted with hexane acetone 95 5 (1 litre). 90:10 (1.3 litre) and 80:20 (1 litre) fol- 



lowed bv acetone (0.6 litre) and finally methanol 10.5 litre) to give 18 fractions. 
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Fraction 12 1400 mg) was chromatography on silica-gel 60-F254 preparative plates (0.2 j mm) devel- 
oped in chloroform :ethyl acetate 3:1 to give bands discernible by their quenching of gel fluorescence 
under short wave UV radiation. These areas of silica were removed from the plates and eluted with 
methanol to yield five fractions; 12A (38 mg, Rf - 0.531. 12B (16 mg. Rf=0.47). 12C (31 mg, Rf=0.38). 12D 
(73 mg Rf=0.29) and 12E (72 mg, Rf-0.26). HPLC showed fractions 12A to 12C contained compounds of 
interest and so portions of each were further purified by semi-preparative reverse phase HPLC (using a 
HICHROM S50DS-2 column |150 mm by 8 mm| eluted with 2.5 ml min of 85% methanol water using UV 
detection at 246 nm) to provide pure samples of milbemycins designated as compounds 1, 2, 3 and 6. 
These were each analysed by electron imp.r: and chemical ionisation (the reagent gas was ammonia) 
mass spectrometry on a Finnijan-Mat 8200 mass spectrometer (Table B) and UV (in methanol using a 
Pye Unicam instrument) (Tabie A); these techniques revealed the compounds to be unlike any previouslv 
reported. 

The accurate masses of the molecular ions of comDOjr.Jc 1-3 and 6 were det°rmip- by h, 3 r. resolu- 
tion mass spectrometry (Finnigan-Mat 8200 peak matching in compare > Ith r -rfluoroKerosene IPFK1 
the results are shown in Table C along with the corresponding empirical tc.nulae. The compounds were 
also investigated by 400 MHz NMR (Jeol GX400), the chemical shift data are shown in Tables D and E. 
From the combination of this information it was possible to assign the structures for compounds 1 and 2. 
There was insufficient material for confirmation of the structure of compound 3 but the mass spectral 
evidence indicates it to have the structure shown in Table I. 
- "ompound 6 was identical by mass spectrometry to the previously reported alpha b (Takiguchi, Mish- 
ima, Okuda and Terao; Journal of Antibiotics, 1980, 33 (10). 1120 1127). However, careful interpretation 
of the 400 MHz NMR proton spectrum showed the presence of 6 methyl doublets (at delta 1.01 |c12-Me], 
0 83 (C24-Me), 1.22 |C26-Me], 1.17 [C21-Me|, 0.88 and 0.91 (C-5'Methylsl where only four doublets and 
oiie triplet would be expected for alpha 6, COSY 2D-NMR allowed the full assignment of the specfum 
25 shown in Tables D and E; corresponding to the structure shown in Table I. 

Fraction 14 (1017 mg) from the original silica column was further purified on a LOBAR normal phase 
silica column (E MERCK) eluted with hexane:ethanol 96:4 and 94:6 using UV detection at 246 nm. to 
yield 80 fractions. These were analysed by TLC (Silica gel 60-F254, eluted with hexane-acetone 65:35, 
compounds were visualised by their queening of gel fluorescence under UV light at 254 nm and by the 
in blackish coloured spots on a yellow background generated with "phosphomolybdate spray reagent". The 
fractions were also examined by anaytical HPLC (SpectraPhysics SP8100 with HICHROM S50DS-2 |250 by 
4.9 mm| at 40°C eluted with 1 ml'min of a programmed solvent gradient ranging from methanol: water 
83:17 to 100% methanol over 35 minutes (15 mins isocratic followed bv a linear gradient). Under these 
conditions, the compounds nave the foliowing retention times 1-10 min, 2 -12.6 min, 3 7.8 mie, 
35 4 -=10 0 min, 5-11.9 min, 6 -15.6 min and .7 - 15.2 mini. Apprcpriatt fractions (181 mg) were combined 
prior to preparative TLC on 4 silica gel 60F254 preparative plates (2.5 mm). The developing solvent was 
chloroform:acetone 3:1. Fluoroescer.ee quenching bands at Rf -0.23, 0.46, 0.65 and 0.96 were removed 
and eluted with ethyl acetate (2 by 50 mis) to give four fractions One of these whs shown to contain 
significant quantities of compounds of interest which were cleaned up bv semi-preparative HPLC tc yield 
40 three pure compounds designated 4, 5 and 7. Analysis as before gave the mass spectral, UV and NMR 
data shown in tables B. A, D and E and allowed the assignment of structures given in Table I. Again, with 
compounds 5 and 7, mass spectral evidence suggested that the materials were the previously roportcd 
alphas 5 and 7 but the NMR confirmed the presence of the terminal iso-piopyl group on the C-23 ester 
chain. Decoupling experiments on the protons coupling to some of the methyl groups of compound 6 
confirmed the assignments. No trace of the straight chain compounds could be found. 

A repeat grow of this microorganism lesulted m tr."; isolation of largei quantities of novel compounds 
1. 2. 4 and 5. In addition, a further novel compound designated 8 has been isolated and identified by 
nmr, UV and mass spectral data. 
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Compound Mass Spectral Data ■ fragment ions fM' I 
No. 
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CompoundMass Spectral Data : 


Calculated Molecular 


No. Accurate Mass (M' ) 


Formula 


1 668.371812 


C n H H O lo 


2 684.387S96 


Cj»H M O, 0 


3 658.319057 


C u H M 0, 


6 686.4042 


C„H M O, 0 
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Nuclear Magnetic Reaonance data are <. Ivan in the following two tablea. The location of the relevant 
35 protona la given according to the numbering of the carbon atoma in them llbemycin akeleton as follow* 
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Example 2 

The individual compounds were screened for their activity against the nematode Ceanorhabditis ele- 
gans. The test system involves the suspension of the nematodes in a buffered, antibiotically attentuated 
£. coli containing nutrient medium containing a known concentration of the nematicidal compound. One 
week after suspension, the test units are examined under the microscope to assess the efficacy of the 
compound. The method is sensitive to a concentration of 0.01 ppm of ivermectin. The method is an 
adaption of that described by Simpkin (K G Simpkin and G C Coles, 'The use of Caenorhabdites elegans 
for anthelmintic screening", J. Chem. Biotechr <- 1 . 1981, 31. 66-69). Nematode kills of 90% were caused 
by new compounds 4 and 5 at co.icentiations of 0.02 and 0.06 ppm respectively. In similar tests, the 
previously described milbemycins alphas 1 and 3 gav<? similar 90°/< mortalities at concentrations of 0.05 
and 0.01 ppm respectively. Thus it may be concluded th? ».e .• . .. milbemc /ins 4 and 5 (and, by anal- 
ogy, the other novel compounds) are of comparable biological jctivity to thosn previous' iescnobd. 
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46 wherein R' it hydroxy, R' is hydrogen or methyl, R 1 is methyl, and R* is 2,4-dimethylpentanoyl or 2 4- 45 
dimethylpent-2-enoyl. 

2. A compound according to claim 1 in substantially pure form. 

3. A compound according to claim 1 wherein R' it hydroxy, R' is hydrogen, R 1 it methyl and R* la 2,4- 
dimethylpent-2-enoyl. 

50 4- A compouno according to claim 1 wherein R- it hydroxy, R' it hydrogen, R' it methyl and R' it . 50 
dimethylpentanoyl. 

6. A process for preparing a compound of formula (I) at defined in claim 1 which procett con nri..*,- 
cultivatlng a strain of ttreptomycea and isolating the compound of formula (I) from the fermentation na- 
ture. 

55 8. A procett according to claim 4 wherein the Streptomyces strain it NCIB 11876 or a mutant thereof. 55 

7. A process according to claim 6 wheroin the StrerMomyces ttrain it NCIB 1 1876. 

8. A pettlcldal competition comprising a compound according to claim 1 in combination with a car- 
rier or diluent. 

9. A competition according to claim 8 wherein the carrier or diluent it an agriculturally acceptable 



60 earner 



60 



10. A method of controlling or eradicating intects comprising administering to the insect or to an en- 
vironment thereof a compound of formula (I) as defined in claim 1. • 

9 21 3 
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11 A compound tubttantially a« hereinbefore described with reference to the examples. 
12. A process for preparing a compound of formula (I), substantially as hereinbefore described with 
reference to the examples. 
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